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[»**U W<i:tioosa(UIIIi, 

emmh*. 

[§fl*®3] flWE3SH8ttJif±, Co, Ni, Fe, N 

Fel^, WCoCrTa, CoCrP 10 
t, C o C r P t- MSrttfC oI^A^/£5^/l — 

h MR £ tltitf&fr <b & 9 , M= B , Mo, Nb, 
Ta,W, CuXttr^5)^7J>5, fMi^lXJi 

[fS*«4] UWESHBttJitt, 2~10nm©» 

T-ii^^nfc^iPSr^-rs, 1 - 3 eo^-rax^ 1 

[S?*£5j WfE#^tt^-a-^(4, Ru, Rh, I 
r, Ru^, Rhi^, St/ 1 r ^-g-^b&S 

[flf*«6] tfffi2KH4ft*Ji»4. 0. 4-1. On 

v-f ftri* l JSE*ccoe£ME^£ffc„ 

[»*«7] ifjESSttif (4, C o, S.t>*C o C r T 
a, CoCrPt, CoCrPt - M£^tr C o 

B, Mo, Nb, Ta, W, C u ;Kf4r tub fife 

[1***8] 30 

HWESEftJlfllifiW:, KTflM«)±^R»te>ixrv^, 

it** i~7 <zH>-r na» i «£tt<9tt*c3sftft&, 
[it** 9 ] ^£<ti»mi <o&&mmmt , itfg 1 

SUMIiSir&ffl*., 0EJS 2 <B£gUfflti&e>gUKteJ|<z>fl£ 

«fc9fB<, l»*lSO c JS2©if!ft»»i8f«>Sft«ttJi«:5: 
v^=BS{fc:*lfili6SRWf t?*>«. ft** l ~8 ©v^-f n*» 

10] ^i<HIl ©S5**«ifii: , lft$ 
1 roSE*Ji«jft fc litrE«ttJi i OlBfcKtt btiltm 2 O 
3S*Ji«liSi*fll*, ^3?2W3£&JI*j£w3£fi£14@co 

m^mttmmt<Dmamm 1 co^mjits^o&atts 
i] m&mt. 



©2SElMI*3Sfc*r»*., 

M9k9i2] it*gii~i 1 a>vvf*i.a> 1 gnefto 

[!f**13] 

ft»««{fc£:Blffro8|Mr j 5 j «:*-r-5-tflll3a«ffll 
SrM r 8it5i, M r 6 ^ Z (Mri8i-Mrj5 

j) &«j£-rs, oi«ecHKfic. 

JaE&8£#. 

l 5 ] |IWa«ittJi«3firt ro^ft < £ 1 1 oco 

*»©!*HKttJi*>6/Ji5. M*Si 3X141 4E«cO«£ 

ftCMKtt. 

COM r i 6 i<4(4, it®1±B«igl^COtecO?t®+±JlcoS 
SBtftiOToSIJ: 1***1 3~l 5co^-f 

M*«17] HUlEeSttil*itF*3C0?^^tt, SV> 

t-SfcSffiricSvfrrs, §***l 3-1 6rov>i*ix*»i 

[»Mi8] 3~i 7o^-rn*»iqiiE* 

[111**1 91 ««Sr8S«C«»c«SjHE»ttEf*:fc1E»i- 
[§»**2 0l «tgt, T%JltattJl*it^*-r?, 

«JS©*»B«{ti:l)WO«S:Mr 6 irtSi, Mr 5 
^2 (Mr i 5 i-Mr i 5 j) Sr«je-r5BC]»{£Jf« 
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• fee * 

[0 0 0 1] 

AEfkttBKifll 0 s «r-Ki*««E«HcSI LftiBftEfttt; 
[0 0 0 2] 

fee ft*w*«*E«ttiE#f4, rmmt, m& 

T»JiHU CrXBCr**4^6ftD, ttttJItt. C 

[ooo3]l*/^x^ttt^(i <$£xiz& 20 

«SyS£*L"CV^£o #Jx.f3> Okamoto et a 
1.," Rigid Disk Medium For 
5Gb i t/ in2 Recording", AB- 
3, Intermag ' 96 Digest tCte, C 

6 9 3, 4 2 6#m NiAl^bi5TiW«rffiV> 
5wi:rt s «36£iX"C^£o Ho s o e e t a 

1. , "Experimental Study o 30 
f Thermal Decay inHigh-De 
nsity Magnetic Recording 
Media", IEEE Trans. Magn. 
Vol. 33, 1528 (1997) "Cfi, C r T 

1 ^&4<5TiHltffiV^^ ias«*£jft,T^£ 0 JbE 

try ho|R^ttS:ltA0$-fr5o attloBWt*'>S 

C o C r^/J^458tti^C rM#f<H£it£-e\ 40 
[0 0 0 4] Lj&»U IKttI<7)SW,j>^<4 9Sv^c 

3tl^45o Lu et a 1 . , "Thermal 
Instability at 10 Gbit/in 
2 Magnetic Recording", IE 
EE Trans. Magn. Vol.30, 4 

2 3 0 (1 9 9 4) y ^ V ^ 

a k-i/ayCi 9 , j£StfS 1 0 nm"C4 0 0 k f c i so 



4 

If jy h-CKu V/ kB T-6 0 t£2>)t<Dfr1gL^-<D&ffl& 

fv>r fc3fts»*SixTv^s 0 r ~T\ Ku tem%&Jj& 

Oftfc, VttBttttfWTOWl, kB tttfA^-rve 
K, TMSJr,Tf 0 fS}, Ku V/ kB T#5J*tt, 5» 

[0 0 0 5] Abarra et a 1 . , "The 
rmal Stability of Narrow 
Track Bits in a 5 Gbit/in 
2M e d i u m" , IEEE Trans. Mag 
n. Vol. 33, 2995 (1997) "Cte, %Lf- 

^-fr^r^TS^ 5Gbit/ i n 2 OCoC r P tTa 
/ C TMomi^(OT^—/^^tltz2 0 0 k f c i \f y h 

-5c ^^/^ 2 0Gbit/ i n2 yj:<OE»«arc 

[0 0 0 6] att^(7)a 

[0 0 0 7] X. JRW^^KStt«ftEfMIEi*:<o««* 
ft He et al.,"High Speed S 
witching in Magnetic Reco 
rding Media", J . Magn. Ma 
gn. Mater. Vol.155, 6(199 

6) i:jo^tt«f-/l^(:o^t, ^LX. J. 

H. Richter, "Dynamic Coer 
civity Effects in Thin Fi 
lm Media", IEEE Trans. Mag 
n. Vol. 3 4, 1 5 4 0 (1 9 9 7) tCjo^T 

— *a*lclMB#^CXb*5. o*9, angle:? 

[0 0 0 8] ft*, J»*fitt«:rt]±**5<fe<DJ6rft4:L 

"CV^5 0 0>J;tfi, ^tT^^Ak i mo t o e t a 

I. , "MagneticRelaxation i 
n Thin Film Media as a Fu 
nction of Orientation", 

J . Magn. Magn. Mater. (19 
9 9) -v^T ^ cz^^tw y ^ >^ a. U~ v-a > 

fc,fc"K »aW4Ku V/ kB T»*BlRl*^tfa»*i« 

apm £ «9 mx-tz ^ t as«#$*t-cv>s 0 a 

barra et a 1 . , "TheEffect 
of Orientation Ratio on t 
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he Dynamic Coercivity of 
Media for >15Gbit/in2 Rec 
ording", EB- 0 2, Intermag 
' 9 9, Kor eal^3^t*&$tltV^«t5^ 

[0 0 0 9] JEM, S&ftStt*ra±-r*fc»0\ 
[0 0 10] 

y h^£M*«i:i«lit5:ttt-CSf , ^^7t 20 

[0011] JUW&fctt, IRse£ttoni^fll5KEAIK« 
Sr»5fc«>K:f4, (i) 8«S*tt£SKu £if£n£it 
5, (i i) ja*T*«^S*S, Xtt, (i i i) tt 

U&>U *t# (i) -Ctt»«*36SifJDUrL4V\ 

ffifftT-fcS 0 JEM, SHU (i i i) tt, aWE<0*p<«E* 
9o X, (i i i) tcftfc 

XS:I6»U »*B^*©ttlfi»wiag»«:Jtl3f-rr. b 

[0 0 12] 
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[0013] ±k<&mhm:* m&b* mmm<n±.jjic®: 

\fbti1tTltiMb. *T*«±tK«t6*«»«Wk4:it 
ffOiMr i 5 i&^ST«»WM:*i:, KTfl!l3S» 

J5<£>8K£M r Mr 5=Z (Mr ifii-M 

r j 5 j) Sr»arS«*ia«aft:^J:oTt*«*ix 

[0014] iia^sHi** ±tz™^-rtifr<Dmj&(Dm 
-ct*fi8-c#s« »ta*nfctry h 

oi^tt^fSiiL, I*/^X«MU flHUBflfcJK 
[0 0 15] JbEOlWtt, ««Sr««W^«ftffift«E 

<7^att/f <z> 5 '>ft< fc 1 1 ooaiti^iftj 

[0 0 16] ±IEOWHf±, Ti&®^att^* 

»SBftt«i?oa*Mr 5 tt5t, Mr 6^2 (M 
r i 5 i-Mr j 5 j) Sr«J£-*-*RKttJi«3SS:3»* 

[0 0 17] 
[0 0 18] 

immm] iter* *«wo«ifpjii3s*rRw-*-*. 

[0 0 19] *#9IM\ HvH-SW-rfcS^kWitS: 

*i-««*^>»«r«v^afco-efca. s. s. 

P. Parkin, "Systematic Va 
riation of the Strength a 
nd Oscillation Period of 
Indirect Magnetic Exchang 
e Coupling though the 3d, 

4d, and 5 d Transition Me 
t a 1 s " , Phys. Rev. Lett. V 
ol. 6 7, 3598 (1991) KjS^-CJi, R 
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5Co, Fe, N it§<om%&&&m&&im£tlX\,^ 
5= flfe*, *I»ffS5, 7 0 1, 2 2 3*^«f=tt, 

I0020] 2oro^ttS(Dra^|ftite>ixfcRuXJi 
X(4, W««K*ft«i<cl5»*:ftlSi-C i 4 < iiAD^* 

*j-l-c(4, «i«tt»*J6«>Tte, mwimmRxmit 

[0 0 2 1] #1891(4, etSJl^tero^tt^tia*^ 20 

i££/?l virile 4.9, ♦#iZ.*ix^ t> bvm&fcii. 

"5, #3191(4, «*SIEflk«E*«)«lSf3ett«)tt«BS:lS]±* 

[0 0 2 2] 121 1 (4, #3891Kfc5^f2&ji«{*:<£>ff? 1 
^J60iJcoSlfl5Sr^-r»f®l2-C*>S„ B£^lEli:$£f*:(4, # 
Bfcfcfe&lgl', «l©->-Kl2, N1PI3, l2©-> so 

8 . mi±m 9 , vmm i o &t^«?te 1 1 

[0 0 2 3] 0iJxf4\ 1 (4, A 1 , A 1 

£-(c{4, #J;L(4N i Pri»<b#5o N i PI3U. 

T-v&mxtemitf&m.&i&ztix^^xi), m^tix^^ *° 

<tWt\ !2©->-Kl4li, T%H5iCNiA 
1 , F e A 1 §©B 2lftitW^SrfflV^7t«^-<OT±t6Jl 
5© (0 0 1) IXIi (112) E<Oie[Sl^^»(i-r-£> 

- ks 2 £ra«fc»jo/jrtma»bfc5. 

[0 0 2 4] «ftE*M«*a j »*^ * * ^ 
■tt*«lXi4N i P)l3(wJ£^ix-57 i ^^.f : -^*a : att, 

-T -5 2r(*n I" ft o -CfTfefxS, 
[0 0 2 5] ttmrntpfflm 6 (4, ^■tt^9c0^t o ^^-> so 
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M) ©EiRj4r«sit-*-5yt»^ia:tte»nTv^. 

WW RSJJi 6 fct, C o C r -MmcDh c p ^jtSr^-fS-g- 
0, 1 ~5 nmC0©H(C^^$tlfca)?5r#-r 
5„ r:t', M=B, Mo, Nb, Ta, WX(4r;ft,ib 

[0 0 2 6] 3£<KttJi 7 {4, Co, N i , Fe, C o 35 
NiiKM. F eSV3-&3£a>lb/<e5o o* <9 , C 
oCrTa, CoCrPt, CoC r P t - M^tfC 

X\ M=B, Mo, Nb, Ta, WXiiZtKb^-^-^X 
fe-5o r<D?£g£'ttJi7t4, 2~ 1 0 nmCD^ffllCil^ 

nfcuwtr*-*-*. itmm&'&m 8 i4, ru, Rh, i 

0iJ;Lt4, i ©*«ttlS-&-Jl 8 tt, 0. 4~1. 0 nmCD 
*SHK:»:&3ft]fcBW«:*U £F£L<(4#tO. 6~ 
0. 8nm©liJ?^t5. ^BStt^B 8 (751^* i 

[0 0 2 7 ] B£ttJl 9(4, CoXliCoCrTa, Co 
CrPt, CoCrPt- M£:-at?C o 
So ::T', M=B, Mo, Nb, Ta, W3Z.t4rtHb 
tf>#&-C-fc3„ B£t£Jl9i4, 5~3 0nm©iEll:l^ 

[0 0 2 8 ] m&m 1 014, 0lJxtfC*>Pj*-5o X, S 
rill 1(4, a^iia&«E^*0iJ^.(4*^ tfwvu^y K 

mmt>*bteZo &mmi o&vmmmi i«4, ossim* 
[0029] &&mm&<oT^&vibin,z>mmmn. tn 

(4, C rXliC r^^-^*» <b£:!9, SSl±IC5~4 0 

[0 0 3 0] *MI^(^/£Sa^fE^^ro^2^ 
[0 0 3 1] 1112(4, *^J£#5^fEfiM&ffc^lf!2 

^ite0tjK>ga5$r*-riffffiiii-c'fc-5c linat 1 , mitm— 

[0 0 3 2] r«>««|E««Eft:«>J|S2*lS0i|"CM:. 3£m 
M^I8, 8- lXt^2o(?33fiai4S7, 7- l*»e> 
tt«^-»8, 8- l<£»B£{ki4, Ittl9©- SBSrlT'feW 
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fern k m &m&m<D»t>*ib * s ii an $ n s 2 mmmic x 
[oo33]Mi7- %>MVkm 7 1 mrncotf 
5 0 itmmn&ms- if*. 8 1 ra« 

iS^^nSo 3£fi£f£ii7, 7- llHJ-ett, cttttHKW 
[0 0 3 4] *JHt«"Ctt, BHBH4J1 7- 1 
5 0 LjG»U 3Sfl«*JB7- 1 cD^S^ttte. iftttttM 

[0 0 3 5] X. 3ft«ttJl 7 (038l««-fbi: 

»»«■/■ 7- lo«*«fti:iWOSIJ:i}/h*<K«S 

[0 0 3 6] H 3 tt, S i StKJi^^^tlfcKff 1 0 20 
n m(D^— COC o P t S<Z>ffirt««4#ttS:^-rigT*> 
6o H3 3*. fKM»K{i: (emu) , ttttttfiHKA (O 
e) £^"T 0 «£*<7>«*E^fm. H3^*i"*P#» 

[0 0 3 7] @4«, ±EE«BEf*OT» 1 *«6«^ftl 
<> JKffdSO. 8nmORua^iSftt2o©Co 
P tH<offirt«««M*S:»i"H-C*>5, 13 4*. 
m&mik (Gauss) , ftttttfiMK:*? (Oe) 
"To IS 4 a» J; 5f-> ^W:»«*iS«"C?'> 

5 0 E5fi, BWdSl. 4nm©Ruit^|JtLf:2 
ooc o P tioffiftBSMSttSr^tBtfcSo HI 5 

4\ KMttasaifb (emu) , mmz&mt) (o e > 

Sr*i" 0 B5j&»fe fc:bj&»5 <t 9*-, 2oOCoPtf(7) 

[0 0 3 8] B6tt, ±IEJB 2 Hi£#iJ<7}£D < , BSJ¥tfS 
0. 8 nm^Ruit^i^tlfc2oOOC oCrPtf 

it (emu/ cc) , titttttftOtf) (Oe) ^^"T 0 H3 

[0 0 3 9] 18 3X0*13 4 ±9, SSt(lJi«ifiS:K*tSr 
t(c<tf9, EWft-fr «:» fetus r £asfea»5 0 X, 0 

£L<f30. 4 — 0. 9nmOli(HS^^ 

[0 0 4 0] S£oT\ ttSCEfttfCfraJB i &t>*fg 2 
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[0 0 4 1] ftfc:, *«WKfcs«*EttS»t0>— MM 

H7ar5H8t*jcRwf«o B7B, tt«cflt 
[0042] 07 xt* ia 8 {z^-rx o (c, tt«Ettiec 

tt, * 14,/^15, tRft<ofltftEAIKflc 1 6 , 
**OE»S4^y Kl 7, ttftoi^^v-^g^i 
8 N Succor — 1 9RTfT?^*-^ — 9=l~v Y2Q 

#^ttfe*v0^5 0 l^Egl^i 6rt\ uc 
J: 0EME$*l5'V/i 5{cfi9ttttfe*vC^<5 0 E»S 

Kl 7I3\ MR^y K^GMR^^ K*^)St^ 

* k t , >r v^tw vm<omm^v K<ta»fefc 

5o *E»S£^:y Kl 7J2, ^fJS-r^T— Ai 9co^fe 
ffii:t^yv/ 3 yi 8 ^LTSflf+ttfeftrv^o 

T — A l 9^T^^-^J.— Y 2 0 tdj^ <9 SESb ^ 

*©BitiiftRW*±*wj|«»-cf4*r»-*-«. 

[0 0 4 3] ««E«*«^***««:, ^ESi* 

1 6^4#«^fc5o *»«E»*IE#i 6tt, 

2 i*^RH b^c, ±Ett«EMKtt0>ffi l *J6«Xrt: 
l2lWj^M^tt^o ^S%. ««E«a*l 6 co 
ftf±3tt^lS«Six'f. ltt-efc, 2ttxtt4tfc«±-e 

[0 0 4 4] K«E«3S«^S*«^fi, H7Xt^BI8 

[0045] m^, *¥%w<Dw.te%Vfm&, ^mmm: 

****v^tt*^««E^*ioit«'CRWi-«o « 

. [0 0 4 6] !H9f3\ ^/^^JiCON i A 1 m<V±bCC o 
C r P t B^&«SJ|^lJ|^A$nfcatfKEMKf|c(0 

(emu/cc) , WWlttlttlF-H (O e ) ^r^-To mm 

[0 0 4 7] mil. ilOlt N i P^^^tlfcA 1 
-MgSIl^ Kff^S 0. 8 nm(ORul-e&8^tl 
tCoCrPtBHtiS 2 060^^/5^/^^^ y 
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RBI*. KEttttSWtM (emu/c c) , ffiNU* 
»H (Oe) ^r^-r o raH^&t>fc^aJ:5«C 8ft 
' M(i®^H^H=5 0 OOeOiS5Z2-e**^«^U, 3$ 
1 00 OOe^M^B#^ft^Ltl^o H = 

[0 0 4 8] ft**<0fc»©Ru©*MWtt, 
^C0^.7i^-f, ^t°V^^^ FS (spin stan 
d method) ICtottft^^c io 

Mr 6 4S«tf>««*:*>sa*33^-. 
t\ MrfiliCoCrPt Bf N EP*>, «t£JB«igOSS 

OC o C r P t BiOlI^- SJCfft*>**SP>R uJf CD 

«I^Mt^«^«Il(cftfft5 0 1 
5 0°C£X±<D!&mx*J&m£tiZ>C o C r P t 35-&4fe0>4& 
£\ RuJf ^JKff^O. 4— 1. 0 nmOli^t'fcS 

[0049] illll Ni P&mJfiZtLtiA 1 X«Jb 
R ult^i^tC o C r P t B^^^5 20(0 

■TBl^fcSo PBl*, WWiWbM (emu/c c) . 
*tttt«#H (Oe) ^^-Tc HBtt, *«J£i£lVfrtf> 
SlOCoCrPtBMW8nmrfc!), RuJi 
C0fflt«*S0. 8 nm-Cfcf9, SS^5)Sl^S2WC 
o C r P t BJl^RflEtf* 2 0 nratfc^I^^t 

[0050] i*v^«fft?ttRSFfT**^IR 

r P t BJlO«ft36S*^*Kfiej^WC*|6j-efc-5fc»* 
#K*ft*W£«*##&*t*. ttot\ Il(DCoC 
rPtBf^«^Hc^>$^^fc^ 
fctt* ICOCoCrPt B«C9Kff^»^«fS«*H 
c O^^rfU 9 /rfM^^^Stfe^o CoC 

hp t^wfi^rig^-rr fc-citm'5r«"c*>5o 

[0051] 012lt Ni P^^^jStLfcA 1 SS± 
f£, W5C o C r P t Bi/J^R ult^8^Wc3o 40 
(DC o C r P t BMttM^Ktt 6ht««E«IEft(0 

(emu/c c) , fitttf3ffi:#H (Oe) £^"T 0 Pi 
tt, SI(*^IlMS2C0C o C r P t BlW 
KJQp:^^^ 6 nmtiO, — #_t<£>S? 3 <JD C o C r P t 
B«(OMJ?dS2 0 nm-CfcO , HS^2C0CoCr 
P t B^ora^Ru^&t>^2j5:TJ ? ^3 0C o C r P t 
BJBOM^R uJf (ORfftf 5 ** 0. 8nmt*5»** 
7jk-r o ~<nm^, «{kMtt«»H^H= 5 0 OOffi&l? 
{STL, Il-»3WCoCrPtB«<0^fW^8 50 
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fit, Jt*<Z>#2<0C o C r P t BmX-hZ>-*im&&M 
V\ S t f'(OS2 0CoCrPtBi^ 2oO 

t\ JBWftSf^ffltt. K*(75^2^C o C r P t B/f <£> 
ftffiAHc ± 9 5 0 0Oei^\ t!5#, ttV^«* 
"CIS, -#T<0«1 (^C o C r P t BS WbRfiSrW 
j£U frlOOOOe "Ctt. -#±C0i3OC o C t 
P t B®<D^k0^ 5 RS$ttTV>^V\ &£L<te:, 
— #T<£>JglC9C oC t P t BJi<Z>«{fcRteHU 

ixtt«ittf— sroii coc o c r p t BmnmmRtf 

/XttiBfttlffli-aRt 5 r t tuat t So 
««E^#^Bis:fti)it#«*#aiw* (snr) s i 

WSNRS i s o/Nmi«g«i:fc§h"y h 
rc^-U-h (BER : tf 5/ h^O^) <STt^l 

[0052] 013lt N i A 1 fl*i6*£;ft,yt:#7** 
tK-bJ-, Ruit^iJtttC o C r P t B^f)*5 2 

(emu/c c) . «MM:BS#H (O e ) Sr^l", Z<D 

mmzm^jjcoc o c r p t BS<5o«Yt«. ^# 

H^H = 0 O e ^^5fifj^Stei"5 0 
[0053] il4lt N i A 1 frm?fc£tltl3f9*m 
±BiH«©*S-eC o C r P t Bd>6ft5* 

HI 14*. WfflttmikM (emu/c c) . tftttttttJl 

H (Oe) *m-fo H 1 3 (c*-t-ffirt«{tft*fctti8«-e 

[0 0 5 4] ^7 K^2o<o?SH4IS:f t58«E8 
03Si«^**i-5«*E^#^4^4:ra*R 
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[0 0 5 5] Si 5(1 2 o<?53S|KttJiat/ 3 o^Sfitt 

ur^-ria-cfcSo i^m t t i > jk«i«2 0 7 k f c i t y 

h-C<OW*«»Oflr-»«* (dB) , ^WfiBtra (s) 
PUK-^^T. OHlttflUW* 1 0 nm<7)^— £) 

c o c r p t BjBSr^-rsaftiaftjBt*^— 

fH»J¥d5l OnmOTfll^l^CoC r P tBfh 10 
Kf^0.8nm^Rui^, KVd* 4 n mCLbHflcD^ 
20C o C r P t BJB^^^SBSSCEftaEff^-^, 
□SlttBtffiW 1 0 nmtf>Tfl!l<£>* l^C o C r P t Bl 

Kf^O. 8 nmCO^ lORulh IP4nm 
^St^2WCoCrPtBl<!: % IW0.8nm 
(7)$2^)Rul^ Ij|:^4nm(Z)±I©l3(7)CoC 
r P t Bl^f)^51^E&I*^f- ^Ir^^to 

V^-CaiJ^U^:««*Hcfi*^l^«-efci9«J2 7 0 oo 
etfcSo il 5^bfc^5«t5i^ 2 0(OMfti 20 

[0 0 5 6] mi 6 tl 2oO*^-&*ixfcafiKttSSr 
c) % fltttfilSlfH (Oe) £r^U 7-^(13o^ 

^^V^Sffifflt-t?fcoTMaiJ^tL, ^^^^ 30 

- ;/*o««e«fc*-e»fl S ft S *tttt«H *: t> # '< 

- £ ft 5 r. t dSflfcB $ ft fc 0 

[0057] 117(1 0 16 (C^-r#ttSr*i-6««C 
Eft«*^««*Oia*«#ttS:*'*-BI"C*>5o Hi 7 
If4(i«*Hc (Oe) , «ttf±a!lJ£Sftfc»« 

(°C) Sr^i", X. y=-1 5. 47x + 4019. 7ft 
5S9iJ-:fe5^t\ y=Hc, x=aftt?fc5o »Afw*t 
i-*«KA«>IEfb-e*>* dHc/dT(l dHc/dT = 
1 5. 50e/m^ »— Ojft«ttJiSr#^"*««E 

E««tft:<Oft*ttftdHc/dTfl[ttl 6-1 7 O e /°C 

««E«WKff^5fc»*ft*:dHc/dT«i, 
flMtoifiiDfc J: 5 1 <£> -cfc 5 n t & t>frZ> o 

[0 0 5 81 1118(1 2i<D&m&mRZP3o<D%im 
PW5 0fiE (n s) . ittiiiittl^tM^iif 50 
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(nm) £^-T 0 RBIC^T, ♦fiPtt*— <D!*attJl 

sftfcMB^^bftsa^Eai**^--*, APnti 
*»«ttJi<DiRjs:&tm«fi 

il 5^)T-^S:*WcS^i:PDXfe5o 03 1 8 

ttSSraSLfcW^O^— ^^-To rft^O^- 
JfeWELi^r. fcjWWBSftfc. rft^StU aiiUft 

-*ji *-<^»«ttJi^*t-s«*Efla«#o^-^ 

<tJfc«-r*£, Btfftc*tUTPW5 Offi^&S'H-fc/h 

[0 0 5 9] fi£oT, JK*l|COii*niCfl£V^*#5i^#p|ft 

5r<t(lftv\ rftfl T«<o!K«ffii^?><ofi*3ftStB 
«SftS^fe-Cfcf9, *— 03i«ttJI«:*^-5««E» 
aftJwltttLTttSSixfcm^ftttEflcSNRS i s o/ 

C0^^^ftfc^ttSS:^#(C®l>Mr Sfg£*W 
t5BaiEft«E»OM8E!l*S NR S i o s/Nm 
fl ^M«fM«:*rs«*E^*iifcttL,-C# 

EaaEftwift^Kfi TM<Dmi<o&&am<ommkft 

& Q :^)i:9^t(l ^^2S«5g-etec^in 
«^)8*t?f Lt^4^o rftfl 2 JBflfcg 

2otf)SoKJ¥^S&^^^^;b-tftl 2 oto 

[0060] 019(1 m^iSStft: SNRSiso/N 

«I»SNRS i s o/NmOfftA S i s o/Nm 

(dB) , mm*&mvkm<D^vhmm (nm) 
t f^^ft 3 asoa^EfWJSEff^T*- 9 

mi 9fi>£> i>i?frZ> £ ^g:V^Mr 5ISrftS2o 

co5cm^ £ jtfcSHKte/i b ft S«*E»MEff co»-& 
(C, Hd!ffMiSI*SNRS i s o/Nm^|i 

Ji^bftS««E«ttEff<04frfrJ: 9 < ft^> t>^<o, 

ttatsnari ^fitB * ft ^ 0 
[oo6i] «tts«iirto^ft< tt> 
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Jf^2 3 a t%tA±CDC r^tMtLTC r ^fid* 
^< JiffliJ05£®H±JlCDC r #*fi^^^CV^-g-{C, # 

5/>fXlt <D Jbfci] f c|2 it b ft -5 5S BSttJl Oft - *> ffi L 

sg0ijT-iiT«oS7i^o{f^ft*>^$^^co-e, 
io o 6 2 1 &mwizts:zm$i&mmft(Dm3mMm 

[0063] oSO, 3 S?J60!IT-I4, figftflEffiKft: 
(4. SlSt. *«©J::fr»-Kl* feftfc "Fife* T*« 
±Kt8tt?>*L, 4>ft< ttSWi:«J?©SMr i 5 

m^mBmmttmm^m^Mr a t-rzt. Mr s 

(Mr i 5 i-Mr j 6 j) &WS&-t2>#tl£k fto 
TPS. ::t\ 5, 5 i, 5 j{4. ^^WimW-t 

[0064] m%mmmmi, sw^B^tisfifflS: 

if$0. 4~ 1. 0 nm©liJf^ft5ft^i Ltt^W 
X. rW^tt^^Itt, Ru, Rh, I r, Cu, C 

[0 0 6 5] m^mmmm^^x, mtsMmmmm.^ 

cD&ftiM&mi-Z. Co, Fe, Ni, CoCrTa, C 
oCrPt, C o C r P t -M*»&/£3 ^A— T^bil 
^ftfe******^!?, M= B , Cu, Mo, Nb, T 

a, wRtf:he.©^-e*»ott6i». x. ffrfefi&tt 
*>oTtftl\ i»ia«ttJB«iSrtro±«»«ttJi«>Mr 

i 6 iiii. m&mmmft<oiiL<o&.m&m<ommmitk 

e*it «>» f&ttif (4 . XB/ft * 5 

t LttfiV\ 

[0 0 6 6] ttftfEl^fr©«S3ffil6«fc±*tff, mm 
(DM r 5ffi*Wi--5 <7)^'tt®X(4BS^ ; fT^^ 

^S&^tt^^tm&i&iSEffcSNRS i s o/Nm£- 50 
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it)/h$4PW5 0«S;#5:i:m5. 
[0 0 6 7] JEfc, ««C»«E*wJB3*li(S«tJ;ix 

[0 0 6 8] X. Hll 6RU?|gll 7\Z7frt"!m%<f— 
t4. #J-1 0~1 5 0t©iEIi:*5^t+^i< , JL 

[0069] jsfetc, ^mm^£^m^m<D—mmm^ 
[0070] ^^(-(4. mm^m^icmms.m^ 

IB 3Hffi#jOj: 5 (c. fiB£K^#<o&l&i4ftjg£r«t;& 
9 -h , < £ t> 1 -o<v%iM&mv>m<bjT&\ ZWVWx. 

SnfcS»^tt«r«^ffi««E»Srfif5 nt*s-c#5 Q 
[0 0 7 1] *3SW{r*5ittiRlE»«fl:«ifi*ft 

[0 0 7 2] ±|5«SC1E»flE«:<Ot^-r^*»«)3ti60!IS:« 

V\ ^®'tt^'a-*iEL<^±-r5fc«6(;j4. 
[0 0 7 3] ^r-C. ^MiE^^coMit*feO*:|5m 
14, ^^y^yv^is, «b©Ji0j«*&i:Jttt-t-S4:, 

[0 0 7 4] V ^y&RKt^ttm-grT-b^ mn 

[0 0 7 5] X. X'*yif V >?m<r>#XE.&ft-t-gZ 
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Jl US 5 m To r r JiRlttS £ t tf# 4 LV*w t 

[OQ76] »C, ^/>v^yy^^Sfi^t)t 

[0 0 7 7] 120(1 «*Eft«E»:ttjfi*ffiO*|llfi 
lRXfVSktDX^V? V >^^^^y<5 2-1-52- 

[0 0 7 8]5tf, l«fin-7-Vy^77yn-fV 
y/8fi5 OCp- K£*L. 1 (C^oV> 

*A*s>*y ^^+^^5 2-1-5 2-9(dJ; <9*^ 
DCX^yfV^Jf&fffrtl. Sfi±{:iilSff^40n 
m^NiAli, KJ?^2 0nm<OCrMoT*l, R 
ffri* 1 . 5 nm©C o C r ^Pflil, JKJ¥2 S 4 nmCOC o 
CrPtBSIIti, I^0.8nmOTu*»t^ 
^g. gP4nm(OCoCrPtB»ltti, BJff* 5 
0.8nm(ORu«^i, CoCrPtBiSftl 30 

[0 0 7 9] ^7^!iV^t^52~l-52- 
9rt©^ffll jB5mTo r r icRjgStiSo X. * 
'*V9 y 52-5. 52-7 M^ttS*'* 

S/* y V^i£«*l #*J0. 3 5nm/sOTi, fficO^ 

y ym^i^ft^^^y^ y v^iSSJ: 0 

(f0 2 0\ZX'<y# y V^--V>v<5 2 - 5, 5 2-7 

[00801 H2 111 mSc«tH*0*Sft«ttJBBtW:« 
pp) , WNinBlttJI^^KV (nm) ^r^-To 
#ttft^S:ttiiA/t% GMR— y K«£J:9»#i&* 

pic. m&Wimfiftmi&<oiramm\zitm\*. mam 

[0 0 8 1] 022(1 JW»SNR01«»#tt«r* so 
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-riHT'fo^o KMttffiMttSNR (dB) , * 

wn^^y^yy^sKs (°o ^^i~o raiaa* 
$ <x 5 r £ asms * ttfco 

[0 0 8 2] 12 3(1 li«SNRtX/N 7 ^y 

»SNRSi s o/Nm (dB, *B*frfi£) , flMktt 
y (nm/s) ^r^fo PJH*K-^"t~'7 f 

-*fl Ru*o±TKimt6iifc«ttJ12itt«ll«N*Ji 
7t 0 ffiSJL, WBici^-t-T*— ccPB?imtiii± 

^JKJBf^i. 4nmORufeMU Ruil_hlCCC 

[0083] 023*. ffiuSI*SNRS i s o /N 
mfl RuW^^S^V^R^tO^^uafrOffllScjKffi 
#SNRl2l#-rS*a»i[T?*Six-CV^5o WJH^&fcJb 

Ru^A'y^y^aSiSO. 35nm/sJ:Dii< 
li$l*SNRS i s o/Nm*, RuJl£: 

friz £9. ±K<otB<A\,*m&tom*mHM#*Wtt+ 

5l£fl Ru©^y^lly/iiHl 0. 3 5nm/ 
[0 0 8 4] £Lh. *»W«:*lfc«lcJ:ORWLfc^ 

[0 0 8 5] #»9ifl KTIcftE-f-sawSTtfi^-f 

[0086] (f+iE 1 ) <tti m&mmmm. 

[0087] (fj-E 2 ) mEafttttiM&t^mcatttJi 
wisv^^aft^iRi^KspfT-efcs, (#ei) Ettoos 

[0 0 8 8] (W1E3) WEa6»tt«tl Co, N 
i , F e , N i F e 35 &t>*C o C r T 

a. CoCrPt, CoCrPt - M^tfC o 

B, Mo, Nb, Ta. W, C uXttrix^^T^ 
5, (ttEl) XI* (f*E2) EttttHEMaftttEft. 
[0 0 8 9] (f+fE4) MtEMKttJItt, 2-1 On 
m^«Efflrt-eai«*ixfcit«Sr*-f 5, (#ED - 
(fi-E3) (0^r^l*E*o«filEfittlE*o 
[0 0 9 0] (#125) WE#fflH4«*Jifl Ru, 
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Rh, I r. RulM, Rh^, RXf I r 

frb #5 7)^— -7fr h iliR £ ixfctt^^ 5> f£ 5 , (#15 

i) ~ mn4) <D^-fi%friJ£mmv>m$5.mmmfro 

[0 0 9 1] (#15 6) ffi1S#BM£l&6-J|tt, 0. 4 
~1. 0 nmOiEirt-eit$tlfcliPS:tt«, (# 

lei) ~ (wis 5) <D^-fHA^immm<r>mnmmm 
[oo9 2] (#157) mmm&mi-i. co, 

o C r T a < CoCrPt, C o C r P t - M^^tf C 
o -&&7)> bteZ y>\^- 7ti - h ilf? $ tvtc $m* » b & 'o 

9, M= B, Mo, Nb, Ta, W\ C u Xi3 ift CD 
^-C&5, (#151) ~ (#12 6) oi^-r^ 1 JSfE 

[0093] (#iE8) mmfa<n±.3;\z.mii 

@0_h*-{^tt£>tvT^-5, (#151) ~ (#15 7) CD 

[0094] (#t5 9 ) mis.Tw.m t mmzamsmm 
t co m i^is it tut ms& <f Pain & jg tc« * . is^ai* 

tflSJJil*, CoCr - Mi^iS^-yi^iRSii 20 

tch c p«it<0^^f>*t), 1 ~ 5 n mCDiSffl-eilSE 
$ttfclRJ¥**U, M= B , Mo, Nb, Ta, WXI4 
^ixbCD-&&-?1hZ>s (#15 8) S2«c<DBmiEI&SE#o 
[0 0 9 5] (#1210) Mia««tSfIfeT%Jli:co 
IWICl&ttfciJxfcN i PS^EKflgx, fTlEN i Pflif 

^^^-viaaxiaKfk^ia^ts^n-c^s, (#128) 

Xt± (#15 9) |E«W^|E^ft:. 
[0 0 9 6] (#1511) BinZTWmte. N i A 1 R 
UFeAl a^/iS^/V— ^Pjig^^ixfcB 2#itSr 

*rrs-g-&ri>e>*5, (#ies) ~ (#isio) ©pf 30 

[0 0 9 7] (#1512) '>!S<i:iflC0j!i*I* 
igir, Rjgl«53!E*Jl«jfi4:irJIS«Ett»4:<OHHc:aa»tfe 

f£^gcofi8^;trt£{i£&3S 1 cD^SWitcO&iSttg 
J: 9 S<, 1 Xt/fB 2 <02K«l«*jfiro 
^•ttJf(4SV^(C^t:*-|^^¥tT-Cfc-5. (#151) 

~ (#151 1) (D\,^-rtifrimm<Dmm.§&&i&fte 
[oo9 8] (#i5i3) t i>mi<D&&ism 

%zmvtm (omwm.it t mm t ©iiiiif 1 n&mmmm 

WffX'&Z. (#151) ~ (#151 2) CD^-fix^igi 

tzm<nmnmmmfc* 

(#fs 1 4 ) m&i b „ % 1 <o^e«it <t , ssjg 1 
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9»<, ^l&^2co^me*itco3S{8ttJl(i5:u> 

^mit^mmw-nx-h^, m%w.mm&» 

[0 0 9 9] (#1515) (#151) ~ (#151 4) 
cov^-f tit* 1 3S«*«?«fttSa»j«#4:iJ"5c< Hiof 

[0100] (#1516) »fflS©±*CR 

&m<n ±11 nil b timwm.it bmmnmMT * 5 j £ 

±ffl'J5i^tt^ t*M<it *trtBttJM*ift i * 

J?(0^^rM rii -T 5 i> MrS^Z (Mr i 8 j-M 

r i 5 j) zmz-tz, mfsjHmto. 

[0101] (#i5 1 7) Kwn<omfsM's.Yfm^ 
^$-&5fc*(ci, mmmammm^^mm-r^mm^m 
<DT£i\cmibtitz#mi±i&&m&~%.^ffizLti, (#15 1 

6) 1Ett<B«*1B«MKft; 

[0102] (#15 1 8 ) wmmtte&&mt±, mv: 

(#151 7) 15tt<z>ttftK&$gft. 

[0103] (#15 1 9) ffl£dmm£'&m\-±. r 

u, Rh, Ir, Cu, C r RTfZ.tlb<D-£&$:<£t??' 
A-^>61JRSlifcffR«>b45, (#1517)15* 
co^|5^» 0 

[0104] (#i5 2 0 ) tffl£M&mm&ft<o&%tm 

■ttSli, Co, Fe, Ni, CoCrTa, CoCrP 
t, CoCrPt-M^45^l — T^kig&Saxfc 
WW^&JiCO, M= B , Cu, Mo, Nb, Ta, WR 
TfZ.tibco-B-$iiX-3bZ>^ (#151 6) ~ (#151 9) CO 
v^-f lx*» 1 3S!5«ccO^I5^f*:„ 

[0105] (#i5 2 1 ) M&m&mmm?i<n'j?/£ < 
snrv^ttftoanattJBd^**, (#t5i6)~ 

(#15 2 0) ©V*-f;Ka»l*ffi«©««IE»«flE. 

[0106] (#15 2 2 ) ffjf5mttil«itrtcOHtil5± 
HiJ^att^coMr i 6 ifittt:, ^tt^«it(^cOft&co?t 
«ttJl«)»e«{bi:BI»«)a±i3*:#t\ (#1516) 
~ (#152 1) «7)W^-f*L!6»l*lE*<0««IEt8y»t«:. 

[0107] (#15 2 3 ) fltne«&ji«tiirt<otta£& 

• tt, SVMc*/*«lMRSr*r«, (#1516) ~ (# 
15 2 2) co^-f^7J»l«aEttco®tCfE4S«£i*:„ 
[0108] (#15 2 4 ) (#15 16) ~ (#15 2 

3) (0^ma»iTO*ro«*re«afl:&iJ>*< it 1 

[0109] (#15 2 5 ) ffittfr«Stftl;:a:«£ftjBE 

i*{cf5^-f--5fe^;*-i*-C'*>-or, fea«;f5^#:co^tt 
co5i^+tS<o 5 '>/,c <iti oco^14JSco^b* 
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[oiio] (f*iE2 6) m&t, Ti&mtmvumm 

afMiIf©a^Mr^t5t> Mr^J (M 
r i 6 i-Mr j 6 i) ^«S-T?>»l±^«ig*ffM 
-r-5«lco^v i 5'7°i:. I^T*«S:^^14S«itSr« i° 
M^^f* ^ v^T-^/&^5^ 2 •;/:/£ 

[0 111] (ft-fE2 7) 9 V >f<DBilcg;m 

ia**^ i o o~3 o ortd^a-rs^ 3 o^xs/t 0 

&HK-ats\ (f+lE 2 6 ) lE^^^SS^^Kit* 

^r^^ci-^>, (ttfE2 6) Xtt (ttE2 7) lEfc^ 
[0 1 12] 

**ff;t5«*E*«t#, «&Ett£K, EflriffeXtf 

[mi] ^w^ft5«*e«^*«>*i 

[0 2] *J8Wtc/£^««E^*<©*2|lllil«OSI» 30 

[0 3] S i StR±lC**Shfc(W 1 0 n m©*-(D 
C o P t «<Z)ffirt«*4#tt«:*t-|2-e*>So 

[0 4] K«dS0. 8 nm^»RuJl-C^ll$nfc2ocO 
C o P t S(OS^^#tt^-t-|§IT**>5o 

[SI 5] RV^l. 4nm(Z)RuSt^llSilfc2oO 
C o P t S(Offirt^«PttSr^"t'^iT*fc5o 

[06] MJSC^o. 8nmORul-e»KSilfc2o<0 

C o C r P t Ji<oBrt««*IM±€:*i"ia-e*>Sc 
[0 7] *»MIC*S«*IE««11(0--S11K«<0»»«: 40 

[0 8] «*1EitaS1t^— ^ttW^SttSr^^cBBI-T? 

[0 9] ^f^^±c^N i A 1 gODjidC o C r P t Bfr 

[010] N i P^M^tl/cA 1 -MgSfilC, JBI 
J5/^0. 8 nm<7>R uit?^Jl§htCo C r P t B£> 
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[011] Ni P#EJMi*;ftfcA 1 S«±Ki, Rug-e 
ftmZtltzC o C r P t BfrbKZ 2o03S«ttJf36SK 

[012] N i PjJS|MT$*LfcA 1 S«±l£, *SP5C 
oC r P t BS^RuST^fi^ttfc3ocr>C o C r P 

[013] N i A 1 ^i«f^ti/c^7^SS±{: % Ru 
mT+ftm£tltzC o C r P t B^?)45 2oO^J 
ttfc»«i4»^Ktt bftfc«»E^flWffirt«ffctti* 

[0 14] NiAl^ift^f:^7^SS±C -LIE 
tnt©*S-eCoC r P t Bfrb*£&*—<OlkmVEM 

cofifrt«ffc:«ilft4:tt:|!lUT*'rBI"C*>*o 
[015] 2o©aH«ttJiaV3o<oaiHBttJiSr*-t-5 

[016] 2o^*»***tfcJ»«ttli*:*'"*-6««CE 

[017J01 6^«r»tt*#i-6«*E««E*o« 

[018] 2o^5fi«ttJBXt^3o(05S8tttJgS:*i-5 
«»E«BE#^*3ftSPW5 0«o»«tt«(Z>*SBiXtf 
#-o3ft«tttSSr*-r*fflt«E«k«E* 
lcio(t5PW5 0lo»«ttiotMtfJ8(Wft#tt 

[019] litlft S NROf Mi?ft#tt^r^ti 

[020] ««E^#«3eSg«^«IJ«fifcS:^ria-C 

[02 1] ffl5ittffl*<o^»«tt*Btff«#ttSr^rH 

[02 2] i*a«[SNR<Oja«ife#tt*:*i-H-C?*>S. 
[02 3] ffiS&jttEffSNRi:;*^* y ^^SLiKD 

1 mm 

2 % 1 <Dis— KB 

3 N i Pi 

4 I2 0'>-KS 

5 Tiffin 

6 3MM£>f>mJI 

7, 7- 1 5*mttJi 

s, 8-i mt&fe&m 

9 attB 

i o m&m 
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1 1 mmm 

1 3 s^fyV'l/lf 
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* 1 6 
1 7 



[02] 



• 11 

•10 



• 11 

• 10 



6- 
7- 
B-1 - 
7-1 - 



[B3] [SI 4] 
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[05] 
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EMU 



-7.99E-04 
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N i P#£**:h.fcA I SSLtK. SWCoC r P t B«*< 
R u J»-e#tt**lfc 3 O© C oCrPt BSHttJMWt **fc 
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